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@ Transmitter comprising an electronic arrangement for generating a modulated carrier signal. 



© Transmitter comprising an electronic arrange- 
ment for generating a modulated carrier signal, tfiis 
arrangement comprising at least an adder included 
(n a closed signal loop, a low-pass filter and a pulse 
shaper driven with a specific sample rate and con- 
stituted by a sigma-deita (one-bit) signal converter 



which includes a mixer driven with the carrier fre- 
quency fc so that the output signal of the pulse 
shaper is applied to the mixer and the frequency fc 
Is equal to that or an integer multiple of the half 
sample rate. 
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The invention relates to a transmitter compris- 
ing an electronic arrangement for generating a 
modulated canier signal, this arrangement compris- 
ing at least an adder included in a closed signal 
loop, a low-pass filter and a pulse shaper driven 
with a specific sample rate and constituted by a 
sigma-delta (one-bit) signal converter. 

An electronic arrangement of this type is gen- 
erally known as a one-bit coder. When a signal 
having frequencies f of the band around f^O is 
applied to the input of the adder of tiie prior-art 
anrangement (baseband signal), and the pulse- 
shaper is driven with frequency fs, the coder output 
signal comprises, in addition to tiie baseband sig- 
nal around f=0, the canier amplitude modulated 
baseband signal with frequencies fc = n.fs (n = 
...-2,-1, + 1, +2,...). The frequency spectrum be- 
tween the amplitude modulated carriers is filled 
with so-called quantization noise. With the aid of a 
band-pass filter a desired amplitude modulated car- 
rier having frequency fc can be filtered out and 
tiius. in principle one has the disposal of a one-bit 
transmitter. 

In order to avoid signal leakage, the pulse 
shaper may be designed such thai it generates a 
one-bit signal consisting of (mutually equal) posi- 
tive and (mutually equal) negative pulses of a widtii 
of 1/(2.fs), separated by blanks (that is to say, 
intervals in which there is no signal) of the same 
width. 

The prior-art an-angement has an inherent dis- 
advantage. In a practical embodiment the pulses of 
the one-bit signal have a finite width. As a result, 
the amplitude-modulated carriers are weakened rel- 
ative to the baseband signal. When an amplifier 
output stage for two-level or tiiree-level signals 
(followed by a band-pass filter) is used, this will 
lead to a loss of efficiency in the amplifier output 
stage of the transmitter in which the arrangement is 
used. 

It is an object of the invention to provide a one- 
bit transmitter which does not present this dis- 
advantage. This object is achieved according to tiie 
invention with an arrangement for generating a 
modulated carrier signal, which arrangement com- 
prises a mixer driven witii carrier frequency fc, so 
that the output signal of the pulse shaper is applied 
to the mixer and the frequency fc is equal to that or 
an Integer multiple of tiie half sample rate. 

In a one-bit transmitter according to tiie inven- 
tion the mixer produces a sum of frequency-shifted 
spectrums so that the amplitude modulated earner 
around fc (and -fc) is unattenuated. The baseband 
signal and all further amplitude modulated signals 
are now attenuated indeed. With the same power 
dissipation of the output amplifier stage a iarger 
signal is now fed to the antenna tiirough the band- 
pass filter. In order to avoid quantization noise 



being modulated to a frequency band around the 
canier frequency fc, according to the invention tiie 
canier frequency fc is selected in such a way that 
it is equal to or an Integer multiple of the haif 
5 sample rate (fc = n.fs/2, where fs is the sample 
rate of tfie pulse shaper, and n = 1.2,3,...). 

In a preferred embodiment of a transmitter 
according to the Invention the mixer forms part of a 
closed signaJ loop and this loop comprises a see- 
to ond mixer driven with carrier frequency fc, so that 
ttie output signal of the first mixer is applied to the 
second mixer. In this preferred embodiment distor- 
tion and noise within the baseband are strongly 
suppressed in ttie first mixer as this mixer Is in- 
15 eluded in the fbnvard-directing part of the closed 
signal loop. The modulated signal is demodulated 
in the feedback part of the closed loop by the 
second mixer. If tiie pulses in the one-bit signal are 
separated by blanks, this signal can be processed 
20 in a three-level output stage, followed by a band- 
pass filter. If the pulses are not separated by 
blanks, it will be sufficient to use a simpler two- 
level output stage. 

In an exemplary embodiment of an arrange- 
as ment comprising a second mixer, tiie closed signal 
loop also includes a power amplifier. With a power 
amplifier Included In the signal loop one has the 
disposal of a power amplifier wherein, as a result of 
signal feedback, the signal distortion is strongly 
30 reduced. 

The requirement that the carrier frequency fc 
be equal to or an integer multiple of tiie half 
sample rale lays heavy demands on the free 
choice of tiie carrier frequency fc In the case where 
35 a digital Input signal and/or a digital low-pass filter 
In the signal loop is concerned. 

In another exemplary embodiment of an ar- 
rangement according to the invention, the arrange- 
ment comprises a digitai-to-analog signal converter 
40 or a sample rate converter whose output is con- 
nected to an input of the adder. For example, a 
digital interpolator circuit driven with a certain fre- 
quency fs can be used as a sample rate converter. 
By means of tiie digital interpolator circuit a digital 
45 input signal can be converted into a one-bit signal. 
If an analog in lieu of a digital low-pass filter is 
used in tiie signal loop, it is possible to drive the 
interpolator circuit before the loop and the pulse 
shaper witfiin tiie loop with different sample rates. 
50 In a further exemplary embodiment a transmit- 
ter is obtained which comprises an electronic ar- 
rangement for generating an exponentially modu- 
lated can-ier signal, which f ansmitter comprises at 
least two parallel combinations for modulating a 
55 can-ier signal, or a signal shifted in phase by 90* 
relative to this can-ier signal respectively, by means 
of an in-phase baseband signal or a quadrature 
baseband signal respectively. In this exemplary 
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embodiment the parallel combinations comprise 
each a prefen-dd embodiment of an arrangement 
according to the invention wherein the closed sig- 
nal loops of the two parallel combinations contain 
each two mixers and wherein the two mixers in one 
parallel combination are driven by means of a 
signal whose frequency fc is equal to the signal by 
which the two mixers in the other parallel combina- 
tion are driven and is phase-shrfted by 90' relative 
to that signal. For driving the mixers preferably 
three-level signals are used, for example, of the 
type In which the pulses are separated by blanks 
and have the same width as the pulses. 

The output signals of the two parallel combina- 
tions are two modulated one-bit signals shifted in 
phase relative to each other by 90* . The pulses in 
these signals are separated by blanks. The blanks 
of one signal coincide with the pulses of the other 
signal and Wee versa so that the signals can be 
combined to a single two-level signal. The latter 
signal can then be processed in prior-art manner in 
a power-efficient switched output amplifier. 

With the latter exemplary embodiment one has 
the disposal in the frequency band around the 
camer firequency of an exponential modulator that 
can be used transparently, for example, for am- 
plitude modulation, vestigial sideband amplitude 
modulation, single sideband amplitude modulation, 
frequency modulation or phase modulation. The 
nature of the modulation is determined by the Input 
signals on the parallel circuits, not by the circuits 
per $e. 

A transmitter comprising a two-level exponen- 
tial modulator according to the invention presents 
important practical advantages over the prior art 
three-level exponential modulator disclosed in 
Dutch Patent Application No. 8101109, which ap- 
plication has the disadvantage that under specific 
circumstances, for example. In the case where sig- 
nals occur having a small amplitude, the three-level 
signal may present very narrow peaks which the 
known circuit is unable to produce in an undistor- 
ted manner. This will thus lead to signal distortion. 
In addition, a two-level switched output stage can 
be constructed In a simpler manner than a three- 
level stage. 

In an exemplary emtxDdiment of a transmitter 
comprising a two-level exponential modulator ac- 
cording to tfie Invention, this transmitter comprises 
two digital-to-analog signal converters (D/A) or two 
sample rate converters, the output of one or the 
other D/A signal converter or the sample rate con- 
verter respectively, being connected to an Input of 
the adder In one or the other parallel combination. 
In an exponential modulator of this type digital 
input signals can be converted into analog signals 
or into one-bit signals by means of the sample rate 
converters. 



The invention will be further explained 
hereinafter with the aid of exemplary embodiments 
and with reference to tfie drawing Rgures in which: 
Rg. 1 shows a block diagram of a simple exem- 
5 plary embodiment for a one-bit transmitter; 

Rg. 2 shows a block diagram of a one-bit trans- 
mitter comprising a second mixer in a closed 
signal loop, and including a digital interpolator 
circuit: and 

10 Rg. 3 shows a one-bit transmitter for exponen- 
tial modulation comprising two interpolator cir- 
cuits. 

Rg. 1 shows a block diagram of a simple 
exemplary embodiment for a transmitter compris- 
16 ing an arrangement for producing a modulated 
carrier signal according to the invention, including a 
sigma-delta (one-bit) signal converter constituted 
by an adder (1) included In a closed loop, a low- 
pass filter (2) and a pulse shaper (3) driven with a 

20 sample rate 2.fc/n (where fc is the carrier fre- 
quency and n a natural number), as well as a 
(switching) mixer (4) driven with the carrier fre- 
quency fc. The arrangement further includes a 
band-pass filter (5) for frequencies in the band 

26 around carrier frequency fc. 

A modulation signal (6) is applied to one of the 
inputs of the adder (1). In the output signal of the 
pulse shaper (3) the input signal Is available as an 
amplitude modulation on carrier frequencies fc 

30 which frequencies are an integer multiple of the 
sample rate of the pulse shaper (3). The spectrum 
of the output signal of the mixer (4) is a sum of 
frequency-shifted spectrums of the output signal of 
tiie pulse shaper so tiiat tfie modulated carrier witii 

35 frequency fc has a maximum value. In order to 
avoid that the latter output signal also contains 
quantization noise modulated In the band around 
fc, the carrier frequency fc is to be equal to or an 
integer multiple of the half sample rate of the pulse 

40 shaper (3). The output signal of the mixer (4), a 
one-bit signal, is fed to an output amplifier compris- 
ing an (antenna) band-pass filter (5). 

Rg. 2 shows a block diagram of a transmitter 
again comprising an adder (1), a low-pass filter (2), 

46 a pulse shaper (3). a (switching) mixer (4) and a 
band-pass filter (5). Different from tfiat discussed 
with respect to Rg. 1 the mixer (4) is now included 
in the closed signal loop and this loop furtiier 
comprises a second (switching) mixer (7), Distor- 

50 tions and noise within the baseband are strongly 
suppressed by tiie first mixer (4) as it is included in 
the forward-directing part of the closed signal loop. 
The second mixer (7) in the closed loop provides 
demodulation of the feedback signal modulated by 

65 the first mixer (4). The band-pass filter (5) is a filter 
for analog signals; the passband may be chosen to 
be relatively wide when provisions are made that 
the frequency spectrum alongside the Important 
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frequency bands is relatively dean (shows little 
quantization noise). Such provisions may be made 
In a manner known per se at the cost of a low 
sample rate for the pulse shaper (3). 

Rg. 2 further shows a digital interpolator circuit 
(8) operating as a sample rate converter. With this 
interpolator circuit an input signal (6) which is digi- 
tal can be converted Into a one-bit signal. If, fur- 
thermore, not a digital but an analog filter Is used 
as a low-pass filter (2). different sample rates can 
be used for the Interpolator circuit (8) and the pulse 
shaper (3), which In principle does not pose further 
restrictions concerning the choice of the carrier 
frequency fc which is related to the sample rate of 
the pulse shaper. 

Rg. 3 shows a block diagram of a one-bit 
transmitter for exponential modulation, comprising 
two interpolator circuits (8. 15 respectively). The 
transmitter comprises two parallel combinations 
which include each a closed signal loop with an 
adder (1. 9, respectively), a low-pass filter (2, 10, 
respectively), a pulse shaper (3. 11 respectively) 
and two mixers (4 and 7; 12 and 14 respectively), 
as well as a combining stage (16) and a band-pass 
filter (5). 

In this transmitter the (digital) baseband signal 
(6) and its quadrature signal (13) are applied to the 
Interpolator circuits (8, 13 respectively), after which 
the modulation signals thus converted to one-bit 
signals are applied to the adders (1, 9 respectively) 
of the two parallel combinations. The two mixers (4, 
7) In one parallel combination are driven by means 
of a signal whose frequency fc is equal to the 
signal driving tiie two mixers (12, 14) in the other 
panallei combination and whose phase is shifted by 
90* relative to that signal. If in the two parallel 
combinations the pulse shapers are designed in 
such a way that they generate one-bit signals 
formed by (mutually equal) positive and (mutually 
equal) negative pulses having a specific widtii, sep- 
arated by blanks of the same width, tiie two parallel 
combinations will produce a modulated signal with 
a carrier frequency fc. while each time the modu- 
lated signal from one parallel combination canies 
infomnation (Ae. Is not equal to zero) the signal 
from the other parallel combination is zero, and 
vice versa. These two modulated one-bit signals 
(with blanks) phase shifted by 90* are combined in 
the combining stage 16 In a two-level signal which 
Is then fed to the band-pass filter (5). By means of 
Interpolator circuits (8, 15 respectively) digital Input 
signals can be converted into one-bit signals to be 
applied to tiie adder (1, 9 respectively) In each one 
of the two parallel combinations. 

Claims 

1. Transmitter comprising an electronic arrange- 



ment for generating a modulated carrier signal, 
tills arrangement comprising at least an adder 
included in a closed signal loop, a low-pass 
filter and a pulse shaper driven with a specific 

s sample rate and constituted by a sigma-delta 

(one-bit) signal converter, characterized in that 
this arrangement comprises a mixer driven 
with carrier frequency fc, so that tiie output 
signal of the pulse shaper is applied to the 

10 mixer and the frequency fc is equal to that or 

an integer multiple of tiie half sample rate. 

2. Arrangement as claimed in Claim 1, character- 
ized in that the mixer forms part of a closed 
16 signal loop and this loop comprises a second 

mixer driven with carrier frequency fc, so tiiat 
tiie output signal of tiie first mixer is applied to 
the second mixer. 

20 3. Arrangement as claimed in Claim 2, character- 
ized in that the closed signal loop comprises a 
power amplifier. 

4. Arrangement as claimed in one of the Claims 
25 1 , 2 or 3, characterized in that the arrangement 

comprises a digital-to-analog signal converter 
or a sample rate converter whose output is 
connected to an input of the adder. 

30 5. Transmitter comprising an electronic arrange- 
ment for generating an exponentially modu- 
lated carrier signal, which transmitter com- 
prises at least two parallel combinations for 
modulating a carrier signal, or a signal shifted 
36 In phase by 90* relative to this carrier signal 

respectively, by means of an in-phase 
baseband signal or a quadrature baseband sig- 
nal respectively, characterized in that ttie par- 
allel combinations are constituted each by an 
40 an^gement as claimed in Claim 2, wherein 
the two mixers In one parallel combination are 
driven by means of a signal whose frequency 
fc Is equal to the signal by means of which the 
two mixers in the other parallel combination 
46 are driven and is phase-shifted by 90* relative 

to that signal. 

6. Transmitter as claimed in Claim 5. character- 
ized In that the transmitter comprises two 
50 digital-to-analog signal converters or two sam- 

ple rate converters, the output of one or the 
other digital-to-analog signal converter or the 
sample rate converter respectively, being con- 
nected to an input of the adder In one or the 
56 other parallel combination. 
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